Exceedance of water-quality standards is important in assessing water quality. The effectiveness of soil conservation Beneficial Management Practices (BMPs) should be measured according to the BMPs' impact on exceedance frequencies. However, estimating exceedance frequencies for different management scenarios with field measurements is practically impossible due to difficulties in obtaining adequate data for analysing different combinations of BMPs. The objective of this modeling research was to analyse exceedance frequencies for different management strategies applied in the Black Brook Watershed (BBW). Daily concentrations of total suspended sediments (TSS) and soluble phosphorous (sol-P) were predicted with the Soil and Water Assessment Tool (SWAT) and assessed against water-quality standards from the Canadian Council of Ministers of the Environment (CCME) and National Agri-Environmental Standards Initiative-Ideal Performance Standards (NAESI-IPS). The investigated BMPs included conservation tillage, reduced fertilizer application, crop rotation, flow diversion terraces (FDT) and the combination of all four BMPs. The results indicated that FDT was the most effective at reducing exceedance frequencies of TSS and sol-P. Under the different management scenarios, we calculated the annual exceedance frequencies of TSS and sol-P concentrations above the CCME (20-45% and 10-26%) and NAESI-IPS (32-55% and 20-38%).
INTRODUCTION
Land-use changes and intensive farming operations have the potential to lead to severe soil erosion and nutrient leaching from farmlands to surface and ground water systems. Nutrient enrichment in surface water is recognized as a leading cause of the degradation of ecosystems and a serious threat to drinking water supplies and aquatic life by eutro- The siltation generated from upland soil erosion and related degradation of water quality is widespread in potato-growing areas of the Atlantic Provinces, Canada (Coote & Gregorich ) .
Pollutants such as total suspended sediments (TSS) can cause harm to human health and aquatic ecosystems when their concentration exceeds a certain limit. For example, TSS concentrations >100,000 mg L À1 can cause fish to die by causing physical damage to their gill tissues (Newcombe & MacDonald ; Newcombe & Jensen ; Culp et al. ) . To measure the extent of water-quality degradation caused by suspended solids and nitrate toxicity in streams, a variety of water-quality standards has been established.
Standards are typically based on stream pollution concentrations and their daily occurrence (Coote & Gregorich ) . Analysis of exceedance frequency of water-quality indicators above particular standards is a convenient way to examine water quality in streams (Stevenson et al. ) . For example, Adelman & Stansbury () used the three different atrazine water-quality criteria as a measure of water quality at the field outlet.
In terms of examining surface water quality by analysing exceedance frequencies, concentrations of pollutants rather than mass loadings of pollutants should be investigated, because concentrations are only applicable to exceedance analysis and have more ecological implications in terms of water-quality standards.
With a variety of soil conservational Beneficial Management Practices (BMPs) implemented in farmlands, there is an increasing trend to examine water quality with BMPs.
However, it is often difficult to analyse changes in exceedance frequencies associated with the implementation of BMPs through field experimentation alone. This is because the impacts of BMPs on surface water quality at a watershed level are affected by many factors, such as climatic, land-use and topographic conditions. The interactions between these factors are complex and vary in space and time. In addition, exceedance frequency analysis requires many years of reliable field data. As field experiments are expensive and time-consuming, it is very difficult to obtain adequate data for analysing different combinations of different BMPs for different physiographic and climatic conditions. With a proper calibration, integrated hydrological models, such as the Soil and Water Assessment Tool (SWAT), have the potential to provide the quantitative watershed-level information necessary to assess the impacts of BMPs on water quality. SWAT allows the simulation of a wide variety of BMPs with straightforward parameter changes, such as fertilizer and manure application rates and timing, cover crops and conservation tillages (Gassman et al. ) .
SWAT has been used successfully to evaluate the environmental or economic impacts of BMPs on water quantity and quality at a variety of spatial scales (Kirsch et The objective of this study was to analyse the impacts of selected BMPs on exceedance frequencies of in-stream concentrations of several water-quality indicators assessed against existing water-quality standards. To achieve this objective, SWAT was used to predict the daily concentrations of TSS and soluble phosphorous (sol-P) for various management strategies applied in the Black Brook Watershed; i.e. flow diversions terraces (FDT), conservation tillage (no-till), reduction in fertilizer application rates and crop rotation with a potato-hay combination.
Two water-quality standards were considered: (1) the Canadian Council of Ministers of the Environment (CCME) guidelines (CCME ); and (2) However, CCME standards are not suitable necessarily for application to agricultural watersheds (Culp et al. ) .
The NAESI-IPS non-regulatory standards specify the desired level of environmental quality needed to maintain ecosystem health, which are derived within regionally specific agricultural watersheds.
MATERIALS AND METHODS

Research site
The Black Brook Watershed (BBW) is located in the potato-belt region of north-western New Brunswick The total sediment loadings ranged from 1,526 tonne yr À1 in 2,002 to 8,092 tonne yr À1 in 1996. Approximately 36% of discharge and 39% of sediment loadings occurred during the snow-melting period in April.
Soil and Water Assessment Tool (SWAT)
SWAT is a process-based and integrated distributed hydrological model that can be used to assess the impacts of different land management practices on water quality at the watershed scale. It is designed to predict long-term, 
Beneficial Management Practices (BMPs)
The BMPs selected for this study, included: 
Water-quality indicators and standards
Three water-quality indicators used in this study included total suspended sediments (TSS) and soluble phosphorous (sol-P) collected at weir station #1 located at the outlet of the watershed. Considering the recorded data availability and major model processes in SWAT, sol-P concentrations were selected in this research rather than total P. Although the sol-P concentration in runoff water is very low due to the low solubility, mineral fertilizers can greatly increase the P losses through erosion and leaching processes. ). Specific thresholds from CCME were: 25 mg L À1 for TSS and 0.05 mg L À1 for sol-P based on assumed lower thresholds for the protection of aquatic life. Specific thresholds from NAESI-IPS were: 6.1 mg L À1 for TSS and 0.0066 mg L À1 for sol-P.
Annual exceedance frequency was calculated based on the following equation: the number of days that a waterquality standard was exceeded was divided by the total number of days for the year being simulated.
RESULTS AND DISCUSSION
SWAT outputs
Total suspended sediments (TSS)
The percentage of reductions for TSS and sol-P concentrations with BMPs was calculated based on average daily concentration over an 8-year simulation period, shown in 
Soluble phosphorous (sol-P)
The BMP-combined scenario had the lowest sol-P concentrations at 22 μg L À1 , representing a 42% reduction of concentrations generated without BMPs (average: 38 μg L À1 ). FDT was efficient at reducing the average sol-P concentrations with the same reduction as BMP-combined. 
Exceedance frequencies
Total suspended solids
Annual exceedance frequencies of TSS and sol-P varied
widely from year to year compared with the CCME standard, but little variation occurred when assessed against the NAESI-IPS. Because the NAESI-IPS had lower thresholds, the annual exceedance frequencies of waterquality indicators with the NAESI-IPS standards were generally higher than with the CCME standards.
Assessed against CCME standards, the annual exceedance frequencies of TSS ranged from 20-45%, characterized with the lowest frequencies occurring in the BMP-combined scenario, and the highest without BMPs (reference scenario; Figure 2(a) ). The scenario without FDT. However, the exceedance rate of TSS concentrations with a reduction in fertilizer application had no change compared with without BMPs when assessed against the CCME standard. Assessed against the NAESI-IPS standard, the variation in exceedance frequencies of predicted TSS was similar to that observed with the CCME standard.
However, the predicted TSS exceedance frequency ranged from 32-55% over the 1998-2005 period (Figure 3(a) ).
Monthly exceedance frequencies of TSS concentrations assessed against the CCME and NAESI-IPS standards were 4-94% and 6-96%, respectively, with the highest rate for the scenario without BMPs in April and the lowest rate with the BMP-combined scenario in January (Figures 4(a) and 5(a)).
From January to April, the rates did not differ among the scenarios. Within the March-April period, the TSS exceedance frequencies were >40% for all scenarios. During the base-flow period, the TSS exceedance frequencies were >20% for all scenarios. The seasonal variation of TSS exceedance frequencies was consistent with the seasonal trend of TSS concentration. 
Soluble phosphorous
Over the 1998-2005 period, the annual exceedance frequencies of sol-P against CCME ranged from 10-26% for all scenarios (Figure 2(b) ). The BMP-combined scenario had a low average annual exceedance frequency of 16%. The exceedance frequencies with no-till, crop rotation with potato-hay and a reduction in fertilizer application had similar results, which were not significantly lower than the scenario without BMPs. The variation in exceedance frequencies for sol-P was similar to that of TSS, except that the exceedance with the fertilizer application reduction scenario was lower than without BMP. For the NAESI-IPS standard, the pattern of sol-P exceedance frequency was similar to that of the CCME standard, despite the higher rates across scenarios (20-38%; Figure 3(b) ).
For the crop rotation with potato-hay BMP, it is possible that exceedances may not be fully captured. Castellazzi et al. 
